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(54) Fluid pressure actuated valve 

(57) A valve apparatus has an inlet 
for connection to pressurised fluid, 
and outlet for connection to a fluid 
flow path and means for permitting 
or blocking fluid flow between the 
inlet and outlet and comprises also 
first pressure sensitive means that 
will block the fluid flow at a first 
predetermined pressure P1 and sec- 
ond pressure sensitive means that 
will permit the fluid flow at a sec- 
ond higher predetermined pressure 
P2. The apparatus may comprise a 
mandrel slidably fitted within a 
sleeve. There may be means for 
blocking the fluid flow that is per- 
mitted at pressure P2 when the 
pressure drops to a value P3 that is 
between P1 and P2. The apparatus 
may be used as a bypass and relief 
valve in downhole drilling appa- 
ratus. 
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SPECIFICATION 

Fluid pressure actuated valve 

5 Downhole drilling motors of the positive dis- 
placement type, embodying a rotor and stator 
arrangement of the Moineau type illustrated 
and described in U.S. Patent No. 1,892,217, 
are well known. The rotor in prior drilling 

1 0 motors has one lobe operating within a com- 
panion two lobe stator made of rubber or 
corresponding elastomer material, the rotor 
itself being a solid steel member. The rotor 
partakes of an eccentric or orbital pass around 

15 the axis of the stator, producing an excessive 
amount of vibration as a result of the orbiting 
speed of the rotor, combined with its relatively 
high mass due to its solid construction, result- 
ing in a decreased life of the rotor and of the 

20 parts of the motor associated therewith. 

The drilling weight of prior motor apparatus 
is transmitted through a bearing assembly to 
the motor shaft, this bearing assembly being 
lubricated by the drilling mud or other fluid 

25 pumped down through the string of drill pipe 
and through the motor itself. Since drilling 
mud is very often sand laden, the bearings are 
operating in an abrasive liquid, resulting in 
their relatively short life, limiting the time that 

30 the motor can be used in drilling a bore hole, 
with consequent requirements for moving the 
entire motor apparatus from the bore hole and 
replacement of a substantial number of its 
parts, or, for that matter, replacement of the 

35 entire motor unit. Because of the use of the 
solid rotor, a dump valve assembly is incorpo- 
rated in the drilling string above the motor to 
allow the drilling fluid to fill the drill pipe as 
the apparatus is run in the bore hole and to 

40 drain from the drill pipe while coming out of 
the hole. 

The use of a single lobe rotor results in the 
rotor, drive shaft and bit connected thereto 
operating at a relatively high speed, the motor 

45 being capable of producing a low maximum 
torque. Such high speed reduces considerably 
the drilling life of a drill bit, shortens the life 
of the bearings, and increases the aforemen- 
tioned vibration difficulties. With a single lobe 

50 rotor, only a limited fluid pressure differential 
can be used to prevent excessive fluid slip- 
page between the rotor and stator during 
orbital movement of the rotor around the 
stator axis with consequent reduction in the 

55 horsepower developed by the drilling motor. 
U.S. Patent No. 3,840,080 discloses a 
downhole drilling motor having a multiple 
lobe rotor operating within a companion multi- 
ple lobe stator. In a Moineau type of appa- 

60 ratus, the stator has one lobe more than the 
rotor. 

With a drilling motor embodying a multiple 
lobe rotor, the pressure differential that can be 
used without an undesirable percentage of 
65 fluid slippage is far greater than with a single 


lobe rotor. Accordingly, for a given pressure 
differential, more drilling weight can be ap- 
plied to the drilling bit, or conversely, a given 
drilling weight can be applied to the bit with a 

70 less pressure drop across the drilling motor. 
Since the torque developed for a given pres- 
sure is much greater than in the prior drilling 
motors, and since the capability of greater 
pressure differential across the motor is pre- 

75 sent, the combination of these factors results 
in the capability of the motor to generate a far 
greater torque than in the prior drilling mo- 
tors. 

By way of example, since the torque gener- 

80 ated at any pressure differential in this appa- 
ratus is about one and three-fourths times that 
developed by prior devices, the motor being 
operable at about twice the pressure differen- 
tial of the prior devices, the motor is capable 

85 of generating at least three and one-half times 
the torque of the prior devices. Accordingly 
while drilling, this apparatus has the capability 
of operating with about three and one-half 
times as much drilling weight imposed on the 

90 drill bit. 

Furthermore, the motor can develop the 
proper horsepower while operating at much 
slower speeds than prior fluid motors, permit- 
ting roller type drilling bits to be used without 

95 increased damage to their parts, so that the 
drilling bit is capable of drilling greater foo- 
tages before requiring withdrawal from the 
bore hole and replacement. The result is a 
considerable saving in drilling cost per foot of 
100 hole and a lesser number of drilling bits being 
required for drilling a required length of bore 
hole. Moreover, there is a substantial reduc- 
tion in the time required for making round 
trips of the apparatus into and out of the bore 
1 05 hole for the purpose of changing drilling bits. 
The vibration of the rotor is considerably 
reduced by making it hollow, which reduces 
its mass, thereby contributing to long life of 
the motor and of the parts associated 
110 therewith. The vibration is also reduced by the 
ability to operate the drilling motor at reduced 
speeds. 

Because of the use of a hollow rotor, with 
the advantages noted above, a dump valve 

115 assembly can be incorporated in the rotor 
itself, which is closed while drilling fluid is 
being pumped down through the drilling 
string and the drilling motor. The valve auto- 
matically opens to permit the drilling mud or 

120 other fluid to drain from the drill pipe, 

through the hollow rotor, motor shaft and bit 
while the apparatus is being removed from a 
bore hole filled with drilling mud or other 
fluid, the string of drill pipe automatically 

125 filling with the drilling mud or other fluid in 
the bore hole while the drill pipe and appa- 
ratus are being run in the bore hole. The 
dump valve assembly permits surface check- 
ing of the tool without having to insert the 

1 30 tool below the rotary table since the drilling 
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fluid is directed through the passage in the 
bit, and not of the side of the tool. 

The apparatus is provided with a bearing 
assembly in the drilling motor that is sealed 
5 against entry of external fluids and sub- 
stances, such as the drilling mud. The bearing 
assembly is filled with oil maintained at a 
higher pressure than the pressure externally of 
the bearing assembly, thereby ensuring clean 
1 0 oil acting upon the bearings themselves which 
contributes to the 4ong life of the bearing . 
assembly, enhancing its ability to transmit 
drilling weight from the drilling string and 
stator or housing portion secured thereto and 
1 5 to the drill bit, as well as its ability to resist 
radial or lateral motion of the motor shaft 
within the stator or housing. 

The present invention concerns a fluid pres- 
sure actuated by-pass and relief valve which is 
20 positioned between a source of fluid under 
pressure and a fluid flow path. At a first 
predetermined pressure value the valve closes 
and the fluid by-passes the flow path. At a 
higher second predetermined pressure value, 
25 the valve opens and the fluid is directed into 
the flow path. At a third intermediate pressure 
value, the valve again closes. 

The present invention is well suited for use 
in a fluid pressure actuated downhole drilling 
30 apparatus wherein the fluid flow path is the 
hollow interior of the rotor itself. At the first 
predetermined pressure value, the valve closes 
and the fluid is by-passed between the rotor 
and the stator to rotate a drill bit. At the 
35 second predetermined pressure value, the 
valve opens to direct the fluid to the interior 
of the rotor to prevent damage to the rotor 
and stator from the higher pressure fluid. 
When the fluid pressure drops to the third 
40 value, the valve again closes to resume the 
drilling. 

In one embodiment, a hollow mandrel has 
an inlet opening formed at one end and an 
outlet opening formed at the other end. The 

45 mandrel is slidingly movable in a sleeve such 
that the fluid at the first predetermined value 
moves the mandrel into the sleeve to block 
the inlet opening. At the second predeter- 
mined value, the fluid moves the sleeve rela- 

50 tive to the mandreL to expose the inlet open- 
ing to the fluid. When the inlet opening is 
exposed, the surface area of the sleeve ex- 
posed to the fluid is increased such that a 
spring will not move the sleeve relative to the 

55 mandrel to block the inlet opening until the 
fluid pressure has dropped to the third predet- 
ermined value. Thus, the valve will not oscil- 
late or "chatter" as the fluid pressure varies 
about the second predetermined value. 

60 Another spring moves the mandrel relative to 
the sleeve to expose the inlet opening when 
the fluid pressure falls below the first predet- 
ermined value. 

In an alternate embodiment, the by-pass 

65 and the relief functions are separated. The 


mandrel is siidably movable with respect to a 
stationary sleeve to perform the by-pass func- 
tion. The movable sleeve is movable relative 
to a stationary second inlet opening to per- 
70 form the relief function. 

Preferred valve apparatus according to the 
invention has an inlet for connection to pres- 
surised fluid, and outlet for connection to a 
fluid flow path and means permitting or block- 
75 ing fluid flow between the inlet and outlet and 
comprises also first pressure sensitive means 
that will block the fluid flow at a first predeter- 
mined pressure (P1) and second pressure sen- 
sitive means that will permit the fluid flow at a 
80 second higher predetermined pressure (P2). 
Such apparatus may be part of a by-pass and 
relief valve apparatus fitted within a tubular 
member in which the fuid flow path is along a 
core whereby when the valve is closed pres- 
85 surised fluid travels along the tubular member 
around the core and when the valve is open 
the pressurised fluid travels along the tubular 
member within the core. In particular, fluid 
actuated downhole drilling apparatus accord- 
90 ing to the invention may comprise a stator, a 
hollow rotor, means for supplying pressurised 
fluid and the described valve apparatus, ' 
whereby when the pressure rises to P1 the 
valve closes and the pressurised fluid travels 
- 95 through the stator and when the pressure 
rises to P2 the valve opens and the pressur- 
ised fluid flows through the rotor. 

The means for permitting or blocking fluid 
flow between the inlet and outlet may com- 
100 prise a first sleeve, a hollow mandrel siidably 
fitted in the sleeve, an inlet opening at one 
end of the mandrel and an outlet opening at 
the other end communicating with the outlet 
from the valve apparatus. The first pressure 
1 05 sensitive means may include a surface on the 
mandrel exposed to the pressurised fluid and 
which is such that at pressure P1 the mandrel 
moves into the sleeve to block the inlet open- 
ing. Means are provided for biasing the man- 
110 drel out of the sleeve. Generally these means 
constitute a spring resisting movement of the 
mandrel into the sleeve. The surface oit the 
mandrel is generally a cap at the end of the 
mandrel. 

115 The second pressure sensitive means may 
inlcude a first sleeve surface on the sleeve 
and exposed to the pressurised fluid and 
sleeve biasing means for biasing in the sleeve 
against sliding along the mandrel, the first 

1 20 sleeve surface and the biasing means being 
such that when the fluid pressure rises to P2 
the sleeve slides along the mandrel to expose 
the inlet opening. 

In another embodiment the valve includes 

1 25 also a second sleeve siidably fitted over the 
first sleeve and there is an inlet opening 
through the first sleeve in communication with 
the outlet from the valve but blocked by the 
first sleeve and in this valve apparatus the 

1 30 second pressure sensitive means include a 
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first surface on the second sleeve that is 
exposed to the pressurised fluid and sleeve 
biasing means for biasing the second sleeve 
against sliding along the first sleeve to expose 
5 the inlet opening, the first surface of the 
second sleeve and the sleeve biasing means 
being such that when the fluid pressure rises 
to P2 the second sleeve slides along the first 
sleeve to expose the inlet opening through the 

1 0 first sleeve. 

The valve apparatus preferably includes 
third pressure sensitive means that will, at a 
third predetermined pressure (P3) that is inter- 
mediate P1 and P2, block the fluid flow that 

15 had been permitted by the second pressure 
sensitive means. These third pressure sensi- 
tive means are preferably such that the flow 
permitted by the second pressure sensitive 
means at pressure P2 is also permitted by the 

20 third pressure sensitive means at pressures 
intermediate P2 and P3, so as to avoid chat- 
ter of the valve during relatively minor fluctua- 
tions in fluid pressure. 

In the embodiment where there is a single 

25 sleeve, the third pressure sensitive means may 
include the described first surface and a sec- 
ond surface on the sleeve and which is ex- 
posed to the pressurised fluid when the inlet 
opening is exposed and which is such that 

30 when the pressure drops to P3 the sleeve 
biasing means cause the sleeve to slide along 
the mandrel to close the inlet opening. 

In the embodiment where there are two 
sleeves the third pressure sensitive means 

35 may include the first surface and a second 
surface on the second sleeve which is exposed 
to the pressurised fluid when the inlet open- 
ing through the first sleeve is exposed and 
which is such that when the pressure drops to 

40 P3 the biasing means for biasing the second 
sleeve cause the second sleeve to slide along 
the first sleeve to close the inlet opening 
through the first sleeve. 

One form of valve apparatus according to 

45 the invention preferably comprises a hollow 
orifice-containing mandrel having one end 
closed exposed to the pressurised fluid and 
having an inlet opening near that end and an 
outlet opening at the other end communicat- 

50 ing with the outlet, ja first sleeve slidably 
fitting over the mandrel and having an open 
end exposed to the pressurised fluid and in 
which, at pressure P1, the force generated by 
the pressurised fluid on the mandrel orifice 

55 slidingly moves the mandrel into the sleeve to 
block the inlet opening and at pressure P2 the 
force generated by the pressurised fluid acting 
on a first surface at the open end of the 
sleeve slidingly moves the sleeve relative to 

60 the mandrel to expose the inlet opening to the 
pressured fluid. There may be a first spring 
for resisting movement of the sleeve and the 
sleeve may have a second surface at its open 
end which is overlaid by the mandrel when 

65 the inlet is blocked but is exposed to pressur- 


ised fluid when the inlet is exposed and in 
which at the predetermined intermediate pres- 
sure P3 the force generated by the pressur- 
ised fluid on the first and second surfaces is 

70 less than the force generated by the spring 
and the sleeve is slidably moved by the spring 
to block the inlet. There may be a second 
spring for resisting the movement of the man- 
drel such that when the fluid pressure falls 
75 below P1 the force generated by the pressur- 
ised fluid on the surface of the closed end is 
less than the force generated by the second 
spring which thus slidingly moves the mandrel 
relative to the sleeve to expose the inlet 
80 opening to the fluid under pressure. 

Another form of apparatus according to the 
invention comprises a hollow mandrel having 
one end closed and exposed to the pressur- 
ised fluid with a first inlet opening near the 
85 closed end and an outlet opening at the other 
end, a first sleeve that slidably fits over the 
mandrel and that has a second inlet opening 
formed in it communicating with the outlet, 
and a second sleeve that slidably fits on the 
90 first sleeve and that has a first fluid pressure 
sensitive means and wherein at pressure P1 
the force generated by the pressurised fluid 
on the closed end of the mandrel slidingly 
moves the mandrel into the first sleeve to 
95 block the first inlet opening and at pressure 
P2 the force generated by the pressurised 
fluid acting on the first fluid pressure sensitive 
means slidingly moves the second sleeve rela- 
tive to the first sleeve to expose the second 

100 inlet opening. 

In such a valve apparatus there may be a 
first spring resisting movement of the second 
sleeve and the second sleeve may have sec- 
ond fluid pressure responsive means such that 

105 at the intermediate pressure P3 the force 
generated by the pressurised fluid acting on 
the first and second fluid pressure responsive 
means is less than the force generated by the 
first spring which thus slidingly moves the 

110 second sleeve relative to the first sleeve to 
block the second inlet opening. 

The first fluid pressure responsive means 
may include a first surface on the second 
sleeve and exposed to the pressurised fluid 

115 and the second fluid pressure responsive 
means may include a second surface on the 
second sleeve, the first sleeve overlying the 
second surface when the second inlet opening 
is blocked and the second surface being ex- 

1 20 posed to the pressurised fluid when the sec- 
ond inlet opening is exposed. 

The first fluid pressure responsive means 
may include a passage connected between the 
pressurised fluid and the fluid flow path and 

1 25 the second fluid pressure responsive means 
may include a surface on the second sleeve, 
the first sleeve overlying the surface where 
the second inlet opening is blocked and the 
surface being exposed to the pressurised fluid 

130 when the second inlet opening is exposed. 
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The invention is now described by reference 
to the accompanying drawings. Figs. 2, .3, 5, 
6 and 7 of which show Valve apparatus 
according to the invention in detail. 
5 Figure 7 is a side= elevational view of a 
hydraulic downhole drilling motor secured to 
a string of drill pipe and a drill bit in a bore 
hole. 

Figures 2a, 2b, 2c, 2d, 2e and 2 fare 
1 0 enlarged quarter sectional views in side eleva- 
tion of the drilling apparatus of Fig. 1 . 

Figures 3a and 3b are enlarged fragmentary 
quarter sectional views of the valve assembly 
of Fig, 2a in the closed and relief positions 
15 respectively. 

Figure 4 is a cross-sectional view taken 
along the line 4-4 of Fig. 1 . 

Figure 5 is an enlarged quarter sectional 
view of an alternate embodiment of the valve 
20 assembly shown in Fig. 2a having the by-pass 
and relief functions separated. 

Figure 6 is an enlarged quarter sectional- 
view of another alternate embodiment of the 
valve assembly shown in Fig. 2a having the 
25 by-pass and relief functions separated. 

Figure 7 is an enlarged fragmentary quarter 
sectional view of a modification to the valve 
assembly of Fig. 2a. 

Figure 8 is an enlarged top plan view of an 
30 alternate embodiment of the universal joint 
subassembly shown in Fig. 2c. 

Figure 9 is a cross-sectional view taken 
along the line 9-9 of Fig. 8. 

Figure 10 is a fragmentary cross-sectional 
35 view of a second alternate embodiment of the 
universal joint subassembly shown in Fig. 2c. 

Figure 7 7 is an enlarged fragmentary quar- 
ter sectional view of the seal subassembly of 
Fig. 2d. 

40 A hydraulic downhole drilling motor M is 
illustrated in the drawings, the upper portion 
of which is connected to a tubular string P, 
such as a string of drill pipe extending to the 
top of a bore hole H, such as an oil or gas 

45 well being drilled, and the lower end of which 
is secured to a suitable rotary drill bit A 
having cutters B for operating upon the bot- 
tom C of the bore hole. The drilling motor 
includes an upper hydraulic motor portion 10 

50 and a lower drive shaft portion 1 1 connected 
to the rotary drill bit, a universal joint assem- 
bly 1 2 being dispoed between the upper and 
lower portions. As disclosed, and now refer- 
ring to Figs. 1 and 2a, an outer housing 

55 structure 13 is provided, including an upper 
sub 1 4 having a threaded box 1 5 threadedly 
secured to a lower pin 16 of an adjacent drill 
pipe section P, this, sub having a lower pin 1 7 
threadedly secured to an outer stator housing 

60 18. The stator housing has mounted therein 
an elongate elastomer rubber or rubber-like 
stator 1 9 having steeply pitched helical lobes 
or threads 20 coacting with an elongate 
metallic hollow rotor 21 having steeply 

65 pitched helical lobes or threads 22 companion 


to the stator lobes. Details of the stator and 
rotor lobes and their coaction are unnecessary 
to an undrstanding of the present invention, 
since they are described in U.S. Pat. No. 
70 1 ,892,217. The number of stator lobes 20 is 
one more than the number of rotor lobes 22. 

Nqw referring to Figs. 2b, 2c, 2d and 2e, a 
lower threaded box 23 of the stator housing 
1 8 is threadedly secured to the upper end of 
75 an intermediate housing portion 24, a lower 
box end 25 of which is threadedly secured to 
a lower housing portion or section 26. Thus, 
the outer housing structure 1 3 comprises the 
upper sub 14, the outer stator housing 18, 
80 the intermediate housing portion 24, the 
lower housing portion 26 and the bearing 
housing 71- The portions 26 and 71 enclose 
a bearing assembly 27 extending between the 
motor shaft 1 1, and the housings 26 and 71, 
85 and which have the purpose of resisting radial 
movement of the drive shaft within the hous- 
ing structure, and for transmitting drilling 
weight from the string of drill pipe P through 
the housing structure 1 3 to the drill bit A> to 
90 force the cutters B against the bottom C ot the 
bore hole (as shown in Fig. 1). 

The hollow rotor 21 terminates in a tubular 
extension 28 secured to the upper end of a 
universal joint subassembly 29. The extension 
95 28 has side ports 30 in fluid communication 
between a central passage 31 in the extension 
and the interior of the intermediate or univer- 
sal housing 24. The central passage 31 com- 
municates with the internal passage 32 in the 

100 rotor 21 extending to the upper end thereof. 
The passage 32 is capped by a by-pass ^and 
relief valve assembly 33. 

The valve 33 is utilized to fill and drain the 
drill pipe during lowering and lifting respec- 

1 05 tively. However, the valve 33 also actuates at 
a predetermined fluid pressure to allow fluid 
to flow through the interior of the rotor 21 to 
prevent over-torqueing of the motor during 
drilling operations. The valve will open at the 

110 predetermined fluid pressure and close at a 
lower predetermined fluid pressure to prevent 
chattering. Such operation is accomplished by 
increasing the area upon which the fluid pres- 
sure acts when the relief valve opens. 

115 When lowering or lifting the drill pipe, there 
is no fluid being pumped into the drill pipe- 
Therefore, the valve 33 is in its normally open 
position to allow fluid in the well or in the drill 
pipe to by-pass through the rotor 21. When 

1 20 drilling begins, the fluid pressure closes the . 
valve 33 and the fluid is forced between the 
rotor 21 and the stator 1 9. When the fluid 
pressure exceeds the predetermined fluid pres- 
sure, the relief portion of the valve is actuated 

125 and the fluid again will by-pass the motor to 
prevent damage thereto. 

As shown in Fig. 2a, a sliding sleeve cap 
34 is threadedly secured to the upper end of 
a hollow mandrel 35 having openings 36 

1 30 formed in the side wall thereof and in fluid 
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communication with the hollow interior of the 
upper sub 14. The cap 34 has a radial groove 
formed in the exterior thereof for retaining an 
O-ring 37a or other type of seal. An orifice 
5 109 is formed in the cap 34 for fluid commu- 
nication between the groove for the O-ring 
37a and the lower end of the cap 34. This is 
a low pressure area that assists in maintaining 
the seal 37a in its groove. The mandrel 35 is 

10 movable longitudinally in a sliding sleeve 38 
and a sliding sleeve extension 39. The sleeve 
38 has a radial groove formed in the interior 
wall thereof for retaining an O-ring 37b which 
sealingly engages the exterior surface of the 

1 5 mandrel 35. The lower end of the sleeve 38 
is reduced in diameter and has threads 
formed thereon for engaging threads formed 
on the inner surface of the upper end of the 
extension 39. An orifice 1 1 1 is formed in the 

20 side wall of the extension 39 and slots are 
formed in retainer 44 to allow fluid communi- 
cation between the spring cavity, described 
below, and the interior of the rotor 21 below 
the orifice 46. 

25 The mandrel 35, the sleeve 38 and the 
sleeve extension 39 are also movable longitu- 
dinally in a sliding sleeve housing 40 and a 
compressed spring housing 41. The sleeve 38 
has a radial groove formed in the exterior wall 

30 thereof for retaining an O-ring 37c which 
sealingly engages the interior wall of the 
housing 40. The housing 40 has an internal 
flange which engages a stop 42 formed on 
the exterior surface of the sleeve 38. The 

35 lower end of the sleeve housing 40 has 

external threads formed thereon for engaging 
internal threads formed on the upper end of 
the spring housing 41. A radial groove is 
formed in the exterior wall at the extreme 

40 lower end of the sleeve housing 40 for retain- 
ing an O-ring 37d which sealingly engages 
the interior wall of the spring housing 41 . 

The spring housing 41 has a reduced diam- 
eter lower end which forms the upper end of 

45 a flange. Thus, the sleeve 38, the sleeve 

extension 39, the sleeve housing 40 and the 
spring housing 41 form a cavity for retaining 
a helical relief valve spring 43. The upper end 
of the spring 43 abuts the lower surface of 

50 the larger diameter portion of the sleeve 38 
and the lower end abuts the upper surface of 
the flange of the spring housing 41 . The 
spring 43 exerts pressure tending to force the 
stop 42 against the internal flange of the 

55 sleeve housing 40. 

The lower end of the spring housing 41 
abuts the upper end of an orifice retainer 44. 
The retainer 44 has threads formed on the 
interior wall thereof for engaging threads 

60 formed on the exterior wall of the lower end 
of the mandrel 35. The retainer 44 also has a 
first radial groove formed in the interior wall 
thereof for retaining an O-ring 37e which 
sealingly engages the end portion of the exte- 

65 rior wall of the mandrel 35 below the threads. 


The retainer 44 is stepped intermediate its 
ends to form an internal flange which abuts 
the lower end surface of the mandrel 35. The 
lower portion of the retainer 44 has a second 

70 radial groove formed in the interior wall 

thereof to receive the outer portion of a snap 
ring 45. The lower end of the retainer 44 has 
an inwardly facing radial flange formed 
thereon, this flange and the snap ring 45 

75 cooperating to retain a replaceable tubular 
orifice 46 therebetween. The retainer 44 has 
a third radial groove formed in the interior 
wall thereof intermediate the lower end flange 
and the snap ring groove for retaining an 0- 

80 ring 37f which sealingly engages the exterior 
wall of the tubular orifice 46. 

The lower end of the spring housing 41 has 
threads formed on the external wall thereof for 
engaging like threads formed on the internal 

85 wall of the upper end of the rotor 21 . Thus, 
the upper end wall of the rotor 21 abuts the 
lower wall of the flange between the upper 
and lower portions of the spring housing 41 . 
The extreme lower end of the spring housing 

90 41 has a radial groove formed in the outside 
wall thereof for retaining an O-ring 37g which 
sealingly engages the interior wall of the rotor 
21. A helical compression spring 47 has its 
upper end abutting the exterior step in the 

95 retainer 44 and its lower end bearing against 
an internal shoulder 48 in the rotor 21. 

The by-pass relief valve assembly 33 is 
shown in Fig. 2a in the unactuated position. 
Referring to Figs. 1 , 2a, 3a and 3b, when 
1 00 fluid under pressure is introduced at the top 
of the pipe string P, the fluid pressure acts 
upon the mandrel 35, sleeve cap 34, and 
orifice 46. The fluid can flow around the 
outside of the valve 33 and through the 
105 openings 36. Thus, fluid can flow through the 
hollow interior of the mandrel 35 and the 
orifice 46 into the central passage 32 of the 
rotor 21 . As the fluid pressure increases, the 
cap 34 is forced into the upper end of the 
1 10 sleeve 38 and the O-ring 37a seals the valve 

33 against fluid flow therethrough. Further, 
increases in the fluid pressure force the cap 

34 and the mandrel 35 downwardly com- 
pressing the spring 47 until the lower end of 

1 1 5 the cap 34 contacts an internal shoulder 49 
in the sleeve 38. This prohibits further down- 
ward movement of the mandrel 35 with re- 
spect to the sleeve 38. The fluid which by- 
passes the valve 33 drives the rotor 21. 

1 20 When the cap 34 contacts the shoulder 49, 
the fluid pressure first ats upon an area equal 
to a circle having a radius R1 plus R2, to 
force sleeve 38 downwardly with cap 34 and 
mandrel 35 with retainer 44 compressing 

1 25 springs 47 and 43, slightly, until the retainer 
44 contacts internal shoulder 108 of rotor 21 . 
This prevents further downward movement of 
the mandrel 35 with respect to the housing 
40. Increasing pressure acts upon an area 

1 30 equal to the difference between the area of a 
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circle having a radius of R1 plus R2 and the 
area of a circle having a radius R1 to force the 
sleeve 38 downwardly and compress the 
spring 43 further. Previously, the fluid pres- 
5 sure acting upon the exposed upper surfaces 
of the sleeve 38 alone was insufficient to 
compress the spring 43. As the sleeve 38 
moves downwardly^ with respect to the man- 
drel 35 and the sleeve housing 40, the open- 

1 0 ings 36 are again exposed and a portion of 
the fluid flow through the valve assembly 33 
to the central passage 32 in the rotor 21 . 
Additional movement of the sleeve 38 is pre- 
vented by the extension 39 coming into con- 

15 tact with the shoulder of the retainer 44 that 
is in contact with the shoulder 1 08 of the 
rotor 21 . Thus, the valve 33 functions to 
relieve the pressure at a predetermined motor 
torque to prevent damage to the drilling appa- 

20 ratus and the motor "stalls". 

With the valve open, the fluid pressure acts 
upon the mandrel 35, the cap 34 and the 
orifice 46, holding them down. Also, with the 
valve open, the fluid acts upon an area equal 

25 to the difference between the area of a circle 
having a radius of R1 plus*R2 and the area of 
a circle having a radius of R3, since the 
interior upper surfaces of the sleeve 38 are 
now exposed. Thus, less fluid pressure is 

30 required to hold the valve open than to open 
it. Also, for any flow rate, the pressure sensed 
by the sleeve 38 is the highest due to sensing 
of pressure below orifice 46. Such operation 
prevents chattering and alternate opening and 

35 closing, as the pressure varies about the open* 
ing pressure. There is a noticeable pressure 
drop when the valve remains open which can 
be detected at the surface to indicate to the 
operator that the relief valve is actuated. 

40 In order to close the valve 33 after the 
motor has stalled, the drilling assembly M is 
lifted off the bottom C of the bore hole H. 
Since the motor requires very little pressure to 
rotate the rotor in this condition, the fluid will 

45 begin to flow past the valve to turn the rotor. 
As the motor comes up to operating speed, so 
little fluid flows through the valve that the 
pressure is insufficient to maintain it in the 
open position and the valve returns to the 

50 normal operating position shown in Fig. 3a. 
Also, during lowering and lifting of the drilling 
apparatus M, the valve 33 will automatically 
assume the position shown in Fig. 2a to 
permit fluid flow therethrough. 

55 There is shown in Fig. 5 an alternate em- 
bodiment of a by-pass and relief valve for use 
in a hydraulic downhole drilling apparatus. 
The valve is a combination poppet type by- 
pass valve and a separate sliding sleeve type 

60 relief valve. A sleeve cap 201 is threadably 
secured to the upper end of a hollow mandrel 
202 having openings 203 formed in the side 
wall thereof and in fluid communication with 
the hollow interior of the upper sub 14 (not 

65 shown). The cap 201 has a reduced diameter 


lower portion which forms a seat for an elas- 
tomeric seal 204 having a downwardly facing 
sloped contact surface 205. 
The mandrel 202 has a radially outwardly 

70 extending flange 206 formed below the open- 
ings 203 and is externally threaded on the 
lower end. A hollow mandrel extension 207 
has internal threads formed in the upper end 
thereof for engaging the external threads of 

75 the mandrel 202. The extension 207 has a 
flange 208 formed below the threads whereby 
the lower end of the mandrel 202 and the 
flange 208 cooperate to trap an orifice 209 
therebetween. The extension 207 also has 

80 longitudinal slots 210 formed in the side wall 
thereof. 

A tubular sleeve housing 211 has an upper 
end having an upwardly facing sloped contact 
surface 212 with serrations formed thereon. 
85 The lower portion of the housing 21 1 is 

increased in internal diameter and has internal 
threads formed thereon to receive the exter- 
nally threaded upper end of a tubular spring 
housing 213. The housing. 21 3 has a radial 
90 groove formed on its exterior surface for re- 
taining an O-ring 214 which seaiingly en- : 
gages the interior surface of the lower end of 
the housing 211. The housing 211 has an 
inwardly facing flange 215 formed thereon 
95 such that the mandrel 202, the extension 
207, the sleeve housing 211 and the spring 
housing 21 3 form a cavity for retaining a 
helical spring 216. The upper end of the^ 
spring 216 abuts the lower surface of th| 

1 00 flange 206 and the lower end of the spring 
abuts the upper surface of the flange 21.5. to 
maintain the mandrel 202 in the position 
shown with respect to the sleeve housing .211 
and place the interior 32 of the rotor 21 in 

105 fluid communication with the upper drill pipe. 
A tubular valve sleeve 217 overlaps a cen- 
tral portion of the sleeve housing 213 includ- 
ing longitudinal slots 218 formed in the side 
wall of the housing. A pin 219 extends radi- 

110 ally inwardly from the side wall of the sleeve 
217 through the slot 218 and the slot 210. 
Typically, the pin 219 extends through similar 
slots formed opposite the slots 218 and 210 
to guide both the sleeve 217 and the exten- 

115 sion 207 in sliding movement with respect to 
the spring housing 213. This pin 219 keeps, 
the slots aligned for maximum flow when the 
valve is flowing, that is, when the sleeve .217 
is shifted downwardly. Also, the pin 219 

1 20 keeps the cap 201 in contact with the hous- 
ing 211 when the valve is flowing to prevent 
possible chattering of this poppet. 

The spring housing 213 has an external, 
inwardly expanding radial groove formed in 

1 25 the side wall thereof for retaining an O-ring 
220 or other type of seal which seaiingly 
engages the interior side wall at the upper 
end of the sleeve 217. An orifice 221 is 
formed in the side wall of the housing 21 3 for 

1 30 fluid communication between the groove for 
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the O-ring 220 and the interior of the housing 
213 above the slot 218. This is an area of 
low pressure that helps keep the seal 220 in 
the groove. 

5 The lower end of the spring housing 21 3 is 
reduced in diameter and has threads formed 
on the external side wall thereof. These 
threads engage threads formed in the interior 
side wall of the upper end of a second tubular 

10 sleeve housing 222. The lower end of the 
housing 222 is of smaller internal diameter to 
form a shoulder which traps an orifice 223 
against the lower end of the spring housing 
213. The lower end of the housing 222 has 

1 5 threads formed on the exterior side wall 
thereof for engaging threads formed on the 
interior side wall of the upper end of the rotor 
21 . Additionally, the lower end of the housing 
222 has an orifice 110 formed in the side 

20 wall to allow fluid communication between 
the interior of the housing 222 and the spring 
cavity, described below. 

The rotor 21 has threads formed on the 
exterior upper side wall thereof for engaging 

25 threads formed on the interior lower end side 
wall of a second tubular spring housing 225. 
The rotor 21 has a radially extending flange 
226 formed on the exterior, side wall thereof, 
the lower end of the housing 225 abutting 

30 the upper face of the flange 226. The housing 
225 has a radial groove formed in the interior 
side wall thereof above the threads for retain- 
ing an O-ring 227 which sealingly engages 
the exterior side wall of the upper end of the 

35 rotor 21 . The center and upper portions of the 
housing 225 are of increased internal diame- 
ter. The lower end of the sleeve 217 has a 
radial groove formed in the exterior side wail 
thereof for retaining an O-ring 228 which 

40 sealingly engages the interior side wall of the 
upper end of the housing 225. A second 
radial groove is formed in the interior side 
wall of the lower end of the sleeve 21 7 for 
retaining an O-ring 229 which sealingly en- 

45 gages the exterior side wall of the upper end 
of the housing 222. The sleeve 21 7, the 
sleeve housing 222, the rotor 21 and the 
spring housing 225 form a cavity for a helical 
spring 230. The upper end of the spring 230 

50 abuts the lower end of the sleeve 217 and the 
lower end of the spring abuts the shoulder 
formed at the lower end of the housing 225. 
Thus, the valve sleeve 217 can slide between 
the opposing faces of the housing 222 and 

55 the housing 225 from the position shown, 
downwardly until the pin 219 contacts the 
bottom of the slot 210 under the influence of 
the spring 230. This, of course, assumes that 
the slot 21 0 is already shifted to its down- 

60 ward-most position and not as shown in Fig. 
5. 

In operation and during lifting and lower- 
ing, the valve is in the position shown to 
permit fluid flow between the interior 32 of 
65 the rotor 21 and the upper drill pipe (not 


shown) through the openings 203 and the 
interior of the valve. When pressurized fluid is 
pumped down the well, the cap 201, the 
mandrel 202, orifice 209 and the extension 

70 207 will be forced downwardly against the 
spring 216 with respect to the housing 21 1 
until the surfaces 205 and 212 are in contact 
to seal the interior of the valve from the 
pressurized fluid. Now the fluid by-passes the 

75 valve to drive the rotor 21 for drilling. The 
fluid pressure acts over an area approximately 
equal to the area of a circle with the radius 
R1. 

The relief portion of the valve functions 
80 when the fluid pressure acting over the area 
equal to the difference in areas of a circle 
having a radius R2 plus R3 and a circle 
having a radius R2 is sufficient to overcome 
the spring 230. Then, the sleeve 217 moves 
85 downwardly with respect to the housing 213 
to expose the slot 218 to the fluid flow. Fluid 
flows through the interior of the valve to 
reduce the pressure acting upon the rotor 21 . 
As with the previous embodiment, the pre- 
90 sent relief valve requires less pressure to 
maintain it open than to open it. In the open 
position, the fluid pressure acts over an area 
equal to the difference in areas of a circle 
having a radius R2 plus R3 and a circle 
95 having a radius R4. Also, the sleeve 217 
senses the highest pressure drop due to fluid 
communication from below the orifice 223. 
Thus, the valve will not chatter. Furthermore, 
the by-pass and the relief functions are iso- 

1 00 lated from one another in contrast with the 
valve shown in Fig. 2a. 

There is shown in Fig. 6 a second alternate 
embodiment of the by-pass and relief valve. 
The valve is a combination poppet type by- 

1 05 pass valve and a poppet type relief valve. The 
relief valve is of the full-open type wherein 
flow through the sliding sleeve creates a pres- 
sure differential which overcomes a spring 
tending to close the valve. 

110 A sleeve cap 241 is threadably secured to 
the upper end of a hollow mandrel 242 
having an opening 243 formed in the side 
wall thereof. The cap 241 has a reduced 
diameter lower portion which forms a seat for 

1 1 5 an elastomeric seal 244 having a downwardly 
facing sloped contact surface 245. 

The mandrel 242 has a radially outwardly 
extending flange 246 formed below the open- 
ing 243. A tubular sleeve housing 247 has 

1 20 an upper end having an upwardly facing 
sloped contact surface 248 formed thereon. 
The central and lower portions of the housing 
247 have an increased interior diameter and 
are internally threaded for engaging threads 

1 25 formed on the exterior side wall at the upper 
end of a tubular spring housing 249. The 
housing 249 has a radially extending internal 
flange 250 formed thereon. The mandrel 242 
and the housing 249 form a cavity for a 

1 30 helical spring 251 . The upper end of the 
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spring 251 abuts the lower surface of the 
flange 246 and the lower end of the spring 
abuts the upper surface of the flange 250. 
The mandrel 242 has an opening 113 formed 
5 in the side wall to allow fluid communication 
between the interior of the mandrel 242 and 
the spring cavity. 

The housing 249 has an upwardly facing 
external shoulder 252:formed near the lower 

1 0 end thereof and threads formed on the exte- 
rior side wall above the shoulder. The threads 
engage internal threads formed proximate the 
lower end of a spring housing 253 which 
abuts the flange 252. The spring housing has 

15a radial groove formed in the interior side wall 
above the threads for retaining an O-ring 254 
which sealingly engages the exterior side wall 
of the housing 249. The 'central and upper 
portions of the housing 253 are radially out- 

20 wardly offset from the lower portion to form 
an internal shoulder 255. 

A sliding sleeve 256 is positioned between 
the interior wall of the housing 253 and the 
exterior wall of the housing 249 adjacent an 

25 opening 257 formed in the side wall of the 
housing 249. A radial groove is formed in the 
interior lower side wall of the sleeve 256 for 
retaining an O-ring 258 which sealingly en- 
gages the exterior side wall of the housing 

30 249 below the opening 257. Another radial 
groove is formed in the increased diameter 
central exterior side wall of the sleeve 256 for 
retaining an O-ring 259 which sealingly en- 
gages the upper interior side wall of the 

35 housing 253. 

The housing 249, the housing 253 and the 
sleeve 256 form a cavity for retaining a 
helical spring 260. The upper end of the 
spring 260 abuts the lower end of the sleeve 

40 256 and. the lower end of the spring abuts the 
upper face of the shoulder 255. The spring 
260 forces the upper sloped end of the sleeve 
256 into sealing contact with an elastomeric 
seal 26 1 retained in the lower end of the 

45 housing 247. 

The central wall of housing 249 has an 
opening formed to which is sealingly secured 
a sensing tube 265, either by welding or 
other appropriate means, that runs inside the 

50 rotor 21 to the lower end thereof (not shown). 
The housing 249 is sealingly secured to 
rotor 21 by welding or other appropriate 
means. 

The sleeve 256 has a pluggable port 264 
55 that allows communication with the passage 
262, plugged at its upper end with a plug 
115 through passage 263 into a spring cavity 
formed around the spring 260 and through 
the tube 265 that allows purging of this 
60 system with grease or other suitable fluid and 
also to fill cavities and passages with same. 
This assures proper sensing of pressure from 
the lower rotor 21 (not shown) to the under- 
side of the sleeve 256 for proper valve opera- 
65 tion, to be described below. 


The poppet type by-pass valve functions 
similarly to the valve shown in Fig. 5. Fluid 
pressure acting over the surface area of the 
top of the cap 241 and through the mandrel 

70 242 forces the cap and the mandrel 242 
downwardly against the spring 251 . When 
the surfaces 245 and 248 sealingly engage, 
no fluid will flow through the valve. 

Although not shown in the drawings, the 

75 by-pass portion of the valve shown in Fig. 2a 
could be a poppet type valve. Furthermore, 
various seal configurations could be utilized 
with the poppet type valves shown to increase 
the effectiveness of the seal in the by-pass 

80 valve. 

There is shown in Fig. 7, a fragmentary 
quarter sectional, view of a modification to the 
valve shown in Fig. 2a. If the by-pass valve or 
relief valve fails in the open mode, most of 
85 the pressurized fluid will flow through the 
center of the rotor and the motor will not drill. 
In this case, the drilling apparatus must be 
pulled from the well and repaired. The present 
invention solves this problem by installing a 
90 screen on the end of the sliding mandrel. The 
screen is then plugged by adding suitable 
material from above. Now the fluid pressure 
will build up and either force the valve closed 
or by the mere fact that it is plugged will 
95 cause the fluid to flow around the valve 33, 
and start the motor. 

The screeen 273 is carefully perforated so 
that it will catch the suitable material that 
must be small enough to pass through the 

1 00 motor and the bit without plugging. Addition- 
ally, the perforations of the screen 273 must 
be large enough to pass normal lost circula- 
tion material. Also, the screen 273 has the 
advantage of working with material that is 

105 small enough not to plug other equipment 
above the tool. For example, in a typical 
operation, ^-inch diameter plugging material 
(or screen) will be satisfactory. 
A modified orifice retainer 44' is threadably 

110 attached to the lower end of the mandrel 35. 
The retainer 44 of Fig. 2a has been modified 
by enlarging the groove for the snap ring 45, . 
eliminating the groove for the O-ring 37f and 
eliminating the internal flange at the lower 

115 end. A replaceable tubular orifice 271 has a 
radially outwardly extending flange 272 
formed at the lower end thereof. The orifice 
271 extends into the mandrel 35 and the 
flange 272 abuts the lower end of the man- 

1 20 drel. A tubular screen 273 has a flange 274 
formed at the upper end thereof and a closed 
bottom end. The screen 273 is positioned 
below the orifice 271 with the flanges 272 
and 274 abutting and the retainer 44' is 

125 threaded onto the end of the mandrel 35 to 
retain the orifice and the screen. The screen 
can be plugged with small chips of rubber or 
any other suitable material of a size which will 
allow it to pass through the opening in the 

1 30 valve but not the openings in the screen. 
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As shown in Figs. 1 and 2b, the lower end 
of the rotor extension 28 is threaded into a 
recess (not shown) in the upper end of the 
universal joint subassembly 29 which is 
5 shown in more detail in Fig. 2c. A tubular 
pipe protector 49 is placed over the junction 
of the extension 28 and the universal joint 
29. As the rotor 21 rotates, the protector 49 
rubs against the interior of the housing 24 

1 0 providing stabilization for the lower end of the 
rotor. This relieves the radial load on the 
universal joint and protects the stator 1 9 from 
high side loads. 

The universal joint subassembly 29 includes 

15a commercially available double universal 
joint. The joint subassembly 29 includes two 
universal joints with an upper end of the 
subassembly threadedly attached to the rotor 
extension 28 and a lower end threadedly 

20 attached to the upper end of a drive shaft 
extension 50 of the drive shaft 1 1 . Since the 
rotor 21 moves in an eccentric or orbital path 
around the longitudinal axis of the stator 1 9 
during its rotation, the subassembly 29 trans- 

25 mits such motion to the motor drive shaft 1 1 . 
Each of the joints is enclosed by an elastic 
cover 51 secured at either end by a clamp to 
prevent drilling mud or other fluids flowing 
through the housing 24 from entering the 

30 universal joint structure and adversely affect- 
ing the universal joints. 

Each clamp comprises a C-ring 52 that is 
compressed with a strap clamp 53 to squeeze 
the cover into an arcuate groove formed in the 

35 exterior of the subassembly. In this manner, a 
predetermined force can be exerted and there 
af(5 no sharp edges to cut the cover. The drive 
shaft extension 50 is threaded into a recess in 
the lower end of the subassembly 29. A 

40 check valve 54 is threaded through the bot- 
tom wall of the lower end recess to communi- 
cate with the hollow interior of the universal 
joint subassembly. Oil or grease can be forced 
into the subassembly through the valve 54 to 

45 slightly "balloon" the covers 51. Under the 
hydrostatic conditions at the bottom of the 
well, any air trapped in the lubricant will tend 
to compress, but the excess lubricant will 
prevent the covers from coming into contact 

50 with the moving parts of the joint, thus, 
extending the life of the covers. 

There is shown in Fig. 8 an alternate em- 
bodiment of the universal joint subassembly 
of Fig. 2c. It differs in that it carries the thrust 

55 through a ball and socket joint and the torque 
by a single large pin that rotates inside a 
slider. Since the thrust and torque loads are 
separated, it is stronger than a conventional 
universal joint of the same size. 

60 The alternate universal joint subassembly 
includes an upper end housing 281 having a 
threaded recess for engaging the rotor exten- 
sion 28 (not shown) and a lower end housing 
282 having a threaded recess for engaging 

65 the drive shaft extension 50. Each end hous- 


ing has a socket formed therein for receiving a 
ball formed on the end of a shaft 283. Each 
ball has a pin 284 inserted therethrough, the 
ends of the pin extending into apertures 

70 formed in the walls of the socket. A slider 
285 is fitted over each end of each pin and 
held in place by a rectangular washer 286 
and a screw 287. A pair of parallel faces of 
the slider 285 slidingly abut a pair of facing 

75 surfaces of the aperture which are generally 
parallel to the longitudinal axis of the shaft 
283. 

As shown in Fig. 9, the thrust forces, which 
are in a longitudinal direction, are carried by 

80 the abutting surfaces of the ball and the 
socket. The pin 284 is press-fitted into the 
ball. Therefore, the pin 284, the washer 286 
and the screw 287 rotate relative to the slider 
285. The torque, which rotates about the 

85 longitudinal axis, is carried by abutting faces 
of the sliders and the apertures through the 
ball and the pin. 

Each ball and socket area, or the universal 
as a whole, is covered by an elastomertc seal 

90 (not shown) in a manner similar to the univer- 
sal joint subassembly 29, as illustrated in Fig. 
2c. 

There is shown in Fig. 10 a fragmentary 
cross-sectional view of an alternate embodi- 
95 ment of the universal joint subassembly 29 of 
Fig. 2c. This subassembly has a lower end 
housing 291 having a threaded recess for 
receiving the drive shaft extension (not 
shown). A lubrication tube 292 is threaded 

1 00 into the bottom wall of the recess for commu- 
nication with the socket formed in the end 
housing 291 . The other end of the tube 292 
threadably receives a lubrication check valve 
293, such as a Schrader valve. A ball 294 

1 05 has a pair of slots formed therein which are 
180 s apart and rotated 90° with respect to 
each other. One of the slots slidingly accepts 
a plate 295 which has been press-fitted into a 
slot formed in the wall of the socket. A pair of 

110 threaded fasteners 296 are utilized to prevent 
the plate from working loose. 

The slot on the other side of the ball 294 
slidingly accepts a plate 297 which has been 
press-fitted into a slot formed in a socket in 

115 the end of a shaft 298 which connects the 
lower end housing 291 with a similar upper 
end housing (not shown). A pair of threaded 
fasteners 296 are utilized to prevent the plate 
297 from working loose. A threaded fastener 

1 20 299 passes through holes in the plate 295 
and the ball 294 and threadably engages the 
plate 297 to hold the lower end housing 291 
and the shaft 298 together during assembly 
and prior to installation wherein compression 

125 forces will hold the subassembly together. 

In operation, the thrust is carried through 
the ball and socket and the torque is carried 
through the plates. The plates 295 and 297 
slide in the slots in the ball 294 as the 

1 30 universal joint is rotated, thereby transferring 
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the torque from the upper end housing (not 
shown) to the shaft 298 and then to the lower 
end housing 291. Each ball and socket area is 
covered by an elastomenc seal in a manner 
5 similar to the universal joint subassembly 29 
of Fig. 2c. 

There is shown in Figs. 2c, 2d, 2e and 2f 
the drive shaft portion 1 1 of the drilling 
assembly. The lower end of the drive shaft 1 1 

1 0 has a threaded box 55 formed thereon for 
receiving a threaded pin 56 of the drill bit A. 
The upper end of the drive shaft 1 1 is 
threaded into the drive shaft extension 50. A 
marine bearing 57 having an elastomeric in- 

1 5 ner sleeve attached to an outer rigid sleeve 
rests on a flange formed on the interior side 
wall of the upper end of the housing 26. A 
key 58 is retained by a slot in both the 
exterior side wall of the bearing 57 and the 

20 interior side wall of the housing 26 to prevent 
relative rotation therebetween. A bearing lock 
nut 59 is threadably received in the upper 
end of the housing 26 to retain the bearing 
57. 

25 A bearing sleeve 60 is attached to the drive 
shaft extension 50 in sliding contact with the 
marine bearing 57 and resting against the 
lower flange of the extension 50. A radially 
extending screw or pin 61 is secured in the 

30 side wall of the extension 50 for retaining 

bearing sleeve 60. Channels are formed in the 
exterior surface of the extension 50 to permit 
fluid flow between the extension and the 
bearing sleeve. However, a small amount of 

35 this fluid flows between the bearing sleeve 60 
and the marine bearing 57 to lubricate the 
marine bearing. The marine bearing stabilizes 
the drive shaft 1 1 and absorbs radial loads 
transmitted from the universal joint subassem- 

40 bly. 

The drive shaft 1 1 has a plurality of ports 
62 formed in the side wall thereof. The exte- 
rior of the drive shaft side wall is threaded 
below the ports for receiving a tubular drive 

45 shaft nut 63. An internal radial groove is 
formed in the upper end of the nut 63 for 
retaining an 0-ring 64 which sealingly en- 
gages the side wall of the drive shaft 1 1 . The 
upper end of the nut 63 above the O-ring 

50 groove is of increased internal diameter to 
form a shoulder. 

A tubular spring retainer 65 has an upper 
end proximate the lower ends of the marine 
bearing 57 and the sleeve 60. An external 

55 flange is formed on the upper end of the 
retainer 65 which has a lower face which 
abuts the upper end of a helical spring 66. A 
tubular piston sleeve 67 has internal threads 
formed on the upper end thereof for engaging 

60 threads formed on the exterior side wall of the 
retainer 65. The sleeve 67 has an increased 
diameter lower end which rests upon an inter- 
nal radially extending flange formed on an 
upper stationary seal retainer 68. The housing 

65 26, the retainer 65, the sleeve 67 and the 


retainer 68 form a cavity or cylinder for retain- 
ing the spring 66. A ring type piston 69 is 
disposed in the lower portion of the cavity for 
sliding movement therein and the upper sur- 
70 face of the piston abuts the lower end of the 
spring 66. The piston 69 also has an internal 
and an external radial groove formed therein 
for retaining O-rings 70 which sealingly en- 
gage the exterior side wall of the sleeve 67 
75 and the interior side wall of the housing 26. 
The lower end of the retainer 68 is sup- 
ported by the upper end of a bearing housing 
71 which threadedly engages the lower end 
of the housing 26. During assembly, the 
80 cavity below the piston 69 is filled with lubri- 
cant, typically oil, through an opening in the 
side wall of the housing 26 which opening is 
then closed with a check valve as will be 
discussed below. The lubricant can be drained 
85 through another opening in the housing 26 
which normally is closed with a plug 72. The 
lubricant is inserted under pressure and tends 
to force the piston 69 upwardly compressing 
the spring 66. During normal operation,-the 
90 spring 66 will maintain the lubricant under a 
pressure which exceeds the fluid pressure 
externally thereby preventing fluid from enter- 
ing the bearing as will be discussed below. 
The location of the piston 69 in the cavity is a 
95 good indicator of the amount of oil in the 

bearing section, the location of which is deter- 
mined by taking a pressure reading of the 
lubricant. Furthermore, the piston does opt 
come into contact with the rotating parts such 

1 00 that a better seal is effected than in the prior 
art devices. 

The lower end of the drive shaft nut 63 
abuts the upper end of a tubular upper guide 
sleeve 73 which is keyed for rotation with the 

105 drive shaft 1 1 . The sleeve 73 has an internal 
radial groove formed therein for retaining an 
O-ring 74 which sealingly engages the exte- 
rior side wall of the drive shaft 1 1 . A seal 
. subassembly 75 has an upper end attached to 

1 10 the lower end of the piston sleeve 67 and a 
lower end attached to the upper end of the 
housing 71 . A central portion of the subas- 
sembly 75 is keyed to the upper guide sleeve 
73 for rotation therewith. The seal subassem- 

115 bly will be discussed in more detail below. 
The lower end of the sleeve 73 abuts the 
upper surface of an inner race 76 of a cylin- 
drical roller bearing 77. The race 76 is sup- 
ported by a spacer sleeve 78 which in turn is 

1 20 supported by a thrust bearing thrust ring 79. 
The bearing 77 is supported by a spacer 
sleeve 80 which in turn is supported by a 
thrust bearing spacer 81. A cylindrical roller 
thrust bearing 82 is retained between the ring 

1 25 79 and the spacer 81 . 

A similar bearing assembly is positioned 
below the thrust ring 79 and includes a lower 
bearing spacer sleeve 83, a cylindrical roller 
thrust bearing 84, a bearing support and 

130 retainer 85, an inner race 86, a cylindrical 
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roller bearing 87, a lower guide sleeve 88, 
and a seal subassembly 89. The retainer 85 
has a radially outwardly extending flange 
formed at the upper end thereof which is 
5 supported on the upper end of a lower seal 
housing 90. The upper end of the housing 90 
threadabfy engages the lower end of the bear- 
ing housing 71. 
A cylindrical end cap 91 is attached to the 

1 0 lower end of the housing 90 by suitable 
threaded fasteners. A seal retainer 92 is 
threadably received in the upper end of the 
end cap 91 to retain the lower end of the seal 
subassembly 89. The upper end of the seal 

1 5 subassembly is attached to the seal housing 
90 and a central portion is keyed for rotation 
with the sleeve 88. A drive shaft collar 93 is 
pinned to the threaded box 55 and is keyed 
to the sleeve 88. 

20 Although not shown in Fig. 2e, there is an 
opening formed in the side wall of the lower 
seal housing 90 for receiving a check valve 
(not shown) and a removable plug (not 
shown) similar to the plug 72. With the plug 

25 removed, lubricant under pressure can be 
forced into the interior of the bearing assem- 
bly. 

The drilling mud, or other fluid external to 
the bearing assembly is prevented from enter- 

30 ing by the pressurized lubricant and the seal 
subassemblies 75 and 89. 

There is shown in Fig. 1 1 an enlarged 
quarter sectional view of the seal subassembly 
75 which is similar to the seal subassembly 

35 89. A thrust bearing washer 101 is attached 
to a retainer ring 102 by suitable threaded 
fasteners 1 03. The ring 1 02 has a plurality of 
apertures formed in the upper face thereof for 
receiving the lower ends of helical springs 

40 1 04. The upper ends of the springs abut the 
lower surface of a lower rotating seal 105. 
The retainer is keyed to the upper guide 
sleeve 73 (Fig. 2d) for rotation with the drive 
shaft 1 1 . The above-identified elements abut 

45 a stationary seal 106 which is pinned to the 
piston sleeve 67 (Fig. 2d). Assembly 89 is 
similar but inverted. 

The seals 105 and 106 are made from 
metal and are maintained in face-to-face con- 

50 tact by the springs 1 04 to provide sealing at 
very low pressure. The washer 101 rotates 
against a thrust bearing seat 1 07 such that 
the retainer 102 is supported by the housing 
rather than the drive shaft. This type of seal 

55 can accomodate radial run-out better than an 
elastomeric type seat and is well balaned 
against high pressure and reverse pressure. 
This seal can also accommodate axial oscilla- 
tion. 

60 In normal use, the drill bit A is secured to 
the lower end of the drive shaft 1 1 and the 
upper sub 14 is secured to the lower end of 
the string of drill pipe P. As the drilling 
apparatus is lowered through the drilling fluid 

65 in the bore hole H to the bottom C thereof, 


the by-pass and relief valve 33 is open to 
permit fluid to flow upwardly through jets or 
nozzles (not shown) in the drill bit A. The fluid 
flows into a central passage 1 22 in the bit, 

70 through a central passage 123 in the drive 
shaft, out the ports 62 into the annular space 
above the bearings, through the marine bear- 
ing 57 and the channels in the drive shaft 
extension 50, and into the space 1 25 be- 

75 tween the housing 24 and the universal joint 
subassembly 29. The fluid then enters the 
side ports 30 of the central passage 31 and 
continues up the internal passage 32 of the 
hollow rotor 21, through the open valve 33 

80 and into the drill pipe P. 

When the bit A reaches the bottom C of the 
bore hole H, drilling mud or other fluid is 
pumped down through the drill pipe P. At a 
predetermined pressure, the valve 33 closes 

85 directing the fluid to flow between the rotor 
2 1 and the stator 1 9 such that the rotor 
rotates. The fluid follows the above-described 
path in the opposite direction to discharge 
from the bit A for cleaning the cutters and 

90 flushing the cuttings in a lateral outward di- 
rection and upwardly through the annular 
space between the drilling apparatus and the 
bore hole. 

During the drilling operation, an appropriate 
95 drilling weight is imposed on the drill bit A by 
allowing a portion of the weight of the drill 
pipe P to rest upon the housing structure 13. 
This weight is transmitted from the upper sub 
14, through the housing 18, the housing 24, 

100 the housing 26, the bearing housing 71, the 
thrust bearing spacer 81, the thrust bearing 
82, the thrust ring 79, the spacer sleeve 83, 
the inner race 86, the guide sleeve 88 and 
the drive shaft collar 93. The weight is then 

105 transferred through the threaded box 55 to 
the bit A to force its cutters B against and into 
the bottom C of the bore hole H. 

In the event that the drill bit A is lifted from 
the bottom C of the bore hole while fluid is 

110 being pumped through the drilling motor M, 
and the rotor 21, universal joint 12, drive 
shaft 1 1 and bit A are rotated, the thrust ring 
79 will rest upon the lowermost axial bearing 
84 to support the downward thrust imparted 

1 1 5 on the rotor by the drilling fluid exerting 
against the lobes 22, and the weight of the 
bit drive shaft 1 1 and the universal joint 
thereabove. 

In summary, the present invention relates to 

120 a by-pass and relief valve which is actuated by 
fluid under pressure. Although the valve can 
be utilized in many fluid flow control applica- 
tions, it is especially suited for use in a fluid 
actuated downhole drilling apparatus to con- . 

1 25 trol the flow of fluid between the rotor and the 
stator. In the by-pass mode of operation, the 
fluid is directed between the rotor and the 
stator for rotating the drill bit. In the relief 
mode, the fluid is directed to the hollow 

1 30 interior of the rotor to prevent damage due to 
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high pressures created by high torque im- 
posed on the bit and drive train. 

The valve has an inlet means, exposed to 
the fluid under pressure, and an outlet means 
5 connected to a fluid flow path. The valve 
includes a hollow mandrel and a tubular 
sleeve for slidingly receiving the mandrel. The 
inlet means can include an inlet opening 
formed in one end of the mandrel and the 

1 0 outlet means can include an outlet opening 
formed at the other end of the mandrel. A first 
pressure sensitive means includes the surface 
of the mandrel exposed to the fluid under 
pressure whereby, at a first predetermined 

1 5 fluid pressure value, the mandrel is slidingly 
moved into the sleeve to block the inlet open- 
ing. 

In one embodiment, a second pressure sen- 
sitive means includes the surface of the sleeve 

20 exposed to the fluid under pressure when the 
inlet opening is blocked whereby, at the sec- 
ond predetermined value, the sleeve is slidin- 
gly moved with respect to the mandrel for 
exposing the inlet opening to the fluid under 

25 pressure to establish fluid flow between the 
inlet means and the outlet means. A third 
pressure sensitive means includes the surfaces 
of the sleeve exposed to the fluid under 
pressure when the inlet opening is exposed to 

30 the fluid under pressure whereby, at the third 
predetermined pressure value, a spring means 
slidingly moves the sleeve with respect to the 
mandrel to block the inlet opening. 

35 CLAIMS 

1 . A valve apparatus having an inlet for 
connection to pressurised fluid, an outlet for 
connection to a fluid flow path and means for 
permitting or blocking fluid flow between the 

40 inlet and outlet and comprising also first pres- 
sure sensitive means that will block the fluid 
flow at a first predetermined pressure PI and 
second pressure sensitive means that will per- 
mit the fluid flow at a second higher predeter- 

45 mined pressure P2. 

2. Apparatus according to claim 1 in 
which the means for permitting or blocking 
fluid flow between the inlet and outlet com- 
prise a first sleeve, a hollow mandrel slidably 

50 fitted in the sleeve, an inlet opening at one 
end of the mandrel and an outlet opening at 
the other end communicating with the outlet 
from the valve apparatus. 

3. Apparatus according to claim 2 in 
55 which the first pressure sensitive means in- 
clude a surface on the mandrel exposed to the 
pressurised fluid and means biasing the man- 
drel out of the sleeve and which are such at 
pressure P1 the mandrel moves into the 

60 sleeve to block the inlet opening. 

4. Apparatus according to claim 3 in 
which the biasing means comprise a spring 
resisting movement of the mandrel into the 
sleeve. 

65 5. Apparatus according to claim 3 or 


claim 4 in which the surface on the mandrel 
is a cap at the end of the mandrel. 

6. Apparatus according to.any of claims 2 
to 5 in which the second pressure sensitive 

70 means include a first sleeve surface on the 
sleeve exposed to pressurised fluid and sleeve 
biasing means for biasing the sleeve against 
sliding along the mandrel, the first sleeve 
surface and the biasing means being such 

75 that when the fluid pressure rises to P2 the 
sleeve slides along the mandrel to expose the 
inlet opening. 

7. Apparatus according to any of claims 2 
to 5 also including a second sleeve slidably 

80 fitted over the first sleeve and in which there 
is an inlet opening through the first sleeve in 
communication with the outlet from the valve 
but blocked by the first sleeve, and in which 
the second pressure sensitive means include a 

85 first surface on the second sleeve exposed to 
pressurised fluid and sleeve biasing means for 
biasing the second sleeve against sliding 
along the first sleeve to expose the inlet 
opening, the first surface of the second sleeve 

90 and the sleeve biasing means being such that 
when the fluid pressure rises to P2 the second 
sleeve slides along the first sleeve to expose 
the inlet opening through the first sleeve. 

8. Apparatus according to any preceding 
95 claim also including third pressure sensitive 

means that will, at a third predetermined 
pressure P3 that is intermediate P1 and P2 # 
block the fluid flow that had been permitted 
by the second pressure sensitive means. 

100 9. Apparatus according to claim 6 in 

which the third pressure sensitive means are 
such that the flow permitted by the second 
pressure sensitive means at pressure P2 is 
also permitted by the third pressure sensitive 

105 means at a pressure intermediate P2 and P3. 
10. Apparatus according to claims 6 and 
8 in which the third pressure sensitive means 
include the first surface and a second surface 
on the sleeve and which is exposed to the 

1 1 0 pressurised fluid when the inlet opening is 
exposed and which is such that when pres- 
sure drops to P3 the sleeve biasing means 
causes the sleeve to slide along the mandrel 
to close the inlet opening. 

115 11. Apparatus according to claim 7 and 
claim 8 in which the third pressure sensitive 
means includes the first surface and a second 
surface which is on the second sleeve and 
which is exposed to the pressurised fluid 

1 20 when the inlet opening through the first 
sleeve is exposed and which is such that 
when the pressure drops to P3 the biasing 
means for biasing the second sleeve cause the 
second sleeve to slide along the first sleeve to 

1 25 close the inlet opening through the first 
sleeve. 

1 2. Apparatus according to claim 1 com- 
prising a hollow orifice containing mandrel 
having one end closed exposed to the pressur- 
1 30 ised fluid and having an inlet opening near 
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that end and an outlet opening at the other 
end communicating with the outlet, a first 
sleeve slidably fitting over the mandrel and 
having an open end exposed to the pressur- 
5 ised fluid, and in which at pressure P1 the 
force generated by the pressurised fluid on 
the mandrel orifice slidingiy moves the man- 
drel into the sleeve to block the inlet opening 
and at pressure P2 the force generated by the 
1 0 pressurised fluid acting on a first surface at 
the open end of the sleeve slidingiy moves the 
sleeve relative to the mandrel to expose the 
inlet opening to the pressurised fluid. 

1 3. Apparatus according to claim 1 2 com- 
1 5 prising a first spring for resisting movement of 

the sleeve and the sleeve has a second sur- 
face at its open end which is overlaid by the 
mandrel when the inlet is blocked but is 
exposed to pressurised fluid when the inlet is 

20 exposed, and in which at a predetermined 
pressure P3 between P1 and P2 the force 
generated by the pressurised fluid on the first 
and second surfaces is less than the force 
generated by the spring and the sleeve is 

25 slidingiy moved by the spring to block the 
inlet. 

1 4. Apparatus according to claim 1 3 in- 
cluding a second spring for resisting the 
movement of the mandrel such that when the 

30 fluid pressure falls below P1 the force gener- 
ated by the pressurised fluid acting on the 
surface of the closed end is less than the force 
generated by the second spring which thus 
slidingiy moves the mandrel relative to the 

35 sleeve to expose the infet opening. 

15. Valve apparatus according to claim 1 
comprising a hollow mandrel having one end 
closed and exposed to the pressurised fluid 
and having an inlet opening near that end and 

40 an outlet opening at the other end, a first 
sleeve that slidably fits over the mandrel and 
that has a second inlet opening formed in it 
communicating with the outlet, and a second 
sleeve that slidably fits on the first sleeve and 

45 that has first fluid pressure sensitive means 
and wherein at P1 the force generated by the 
pressurised fluid on the closed end of the 
mandrel slidingiy moves the mandrel into the 
first sleeve to block the first inlet opening and 

50 when at P2 the force generated by the fluid 
acting on the first fluid pressure sensitive 
means slidingiy moves the second sleeve rela- 
tive to the first sleeve to expose the second 
inlet opening. 

55 16. Apparatus according to claim 15 in- 
cluding a first spring resisting movement of 
the second sleeve and wherein the second 
sleeve has second fluid pressure responsive 
means and in which at a third intermediate 

60 fluid pressure P3 the force generated by the 
pressurised fluid acting on the first and sec- 
ond fluid pressure responsive means is less 
than the force generated by the first spring 
which thus slidingiy moves the second sleeve 

65 relative to the first sleeve to block the second 


inlet. 

17. Valve apparatus according to claim 16 
wherein the first fluid pressure responsive 
means includes a first surface on the second 

70 sleeve exposed to the pressurised fluid and 
the second fluid pressure responsive means 
includes a second surface on the second 
sleeve, the first sleeve overlying the second 
surface when the second inlet opening is 

75 blocked and the second surface being ex- 
posed to the fluid under pressure when the 
second inlet opening is exposed. 

1 8. Valve apparatus according to claim 1 6 
wherein the first fluid pressure responsive 

80 means includes a passage connected between 
the pressurised fluid and the fluid flow path 
and the second fluid pressure responsive 
means includes a surface on the second 
sleeve, the first sleeve overlying the surface 

85 when the second inlet opening is blocked and 
the surface being exposed to the pressurised 
fluid when the second inlet opening is ex- 
posed. 

1 9. Valve apparatus according to any of 
90 claims 2, 1 2 or 1 5 in which the outlet from 

the mandrel is covered by a perforated screen 
in which the perforations are capable of being 
plugged but are large enough to permit the 
passage of normal circulation material. 
95 20. Valve apparatus according to any pre- 
ceding claim which is a by-pass and relief 
valve fitted within a tubular member and in 
which the fluid flow path is along a cored 
through the tubular member whereby when 
1 00 the valve is closed pressurised fluid travels 
along the member around the core and when 
the valve is open the pressurised fluid travels 
within the cores. 

21 . Valve apparatus according to claim 1 
105 substantially as herein described with refer- 
ence to any of Figs. 1 to 7 of the accompany- 
ing drawings. 

22. A fluid actuated downhole drilling ap- 
paratus having a stator, a hollow rotor, a 

110 source of pressurised fluid and a valve accord- 
ing to any of claims 1 to 1 9 connected • 
between the source of pressurised fluid and 
the interior of the rotor. 
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